Reaction of 2-(3-guaiazulenyl)-1,1-bis(4-hydroxyphenyl)ethylene with 2-chloroethyldimethylammonium chloride in acetone in the presence of K 2 CO 3 at reflux temperature for 24 hours gives a new title compound in 89% yield. Spectroscopic properties and crystal structure of the target molecule are reported.
Introduction
It is well known that chlorotrianisene [2-chloro-1,1,2-tris(4-methoxyphenyl)ethylene] (1) [1] exhibits significant estrogenic activity, while tamoxifen [(Z)-1-[4-(2-dimethylaminoethoxy)phenyl]-1,2-diphenyl-1-butene] (2) [1-4] exhibits significant antiestrogenic activity, owing to the difference between the substituents of 1 and those of 2 (see Figure 1 ). Furthermore, tamoxifen, which serves as a nonsteroidal antiestrogen [3] , has become a widely used drug for a first-line endocrine therapy for all stages of breast cancer in pre-and postmenopausal women [5] . On the other hand, azulene, possessing a large dipole moment, is regarded as one of the representative examples of non-benzenoid aromatic hydrocarbons, and naturally occurring guaiazulene (7-isopropyl-1,4-dimethylazulene) (see Figure 1 ) [6] has been widely used clinically as an anti-inflammatory and antiulcer agent. However, none have really been used as other industrial materials. In relation to azulene chemistry, in 2004, we reported that the reaction of guaiazulene with 1,2-bis(4-methoxyphenyl)-1,2-ethanediol in methanol in the presence of hydrochloric acid at 60
• C for 3 hours gave 2-(3-guaiazulenyl)-1,1-bis(4-methoxyphenyl)ethylene (5) (see Figure 2) , possessing a similar structure to 1, in 97% yield [7] . Similarly, the reaction of guaiazulene with 1,2-bis(4-hydroxyphenyl)-1,2-ethanediol under the same reaction conditions as the above afforded 2-(3-guaiazulenyl)-1,1-bis(4-hydroxyphenyl)ethylene (3) (see Figure 3 ) in 73% yield [7] . As a series of basic studies on our azulene chemistry [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , our interest has quite recently been focused on an efficient preparation and properties of new tamoxifen analogues with a 3-guaiazulenyl (7-isopropyl-1,4-dimethylazulen-3-yl) group, for example, the title compound 4. We now wish to report a facile preparation as well as the spectroscopic properties and the crystal structure of the target compound 4 (see Figure 3 ). gNMR developed by Adept Scientific plc) on a DELL Dimension XPS T500 personal-computer with a Pentium III processor.). The UV-vis spectrum of 4, possessing a 1,1-bis(4-[2-(dimethylamino)ethoxy]phenyl)ethylene part, compared with that of structurally related π-electron system 5 [7] showed that the spectral pattern of 4 resembled that of 5; however, the longest absorption wavelength of 4 (λ max 632 nm, log ε = 2.72) revealed a slight hyperchromic effect (Δ log ε = 0.18) in comparison with that of 5 (λ max 635 nm, log ε = 2.54). The IR spectrum showed specific bands based on the C−O, C−N, aromatic C=C, and C−H bonds. The protonated molecular formula C 37 H 47 O 2 N 2 was determined by exact FAB-MS spectrum. The elemental analysis confirmed the molecular formula C 37 H 46 O 2 N 2 . The 1 H NMR spectrum showed signals based on a 3-guaiazulenyl group, signals based on two nonequivalent 4-[2-(dimethylamino)ethoxy]phenyl groups, and a signal based on an ethylene part (>C=CH−). The 13 C NMR spectrum exhibited 29 carbon signals, which could be assigned using HMQC and HMBC techniques. Thus, the elemental analysis and the spectroscopic data for 4 led to the title molecular structure.
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The crystal structure of 4 was then determined by means of X-ray diffraction. Two molecules of 4 were found to exist in the unit cell of the crystal. The ORTEP drawing of 4 (one of the two molecules) with a numbering scheme is shown in Figure 4 (a). The structural parameters of 4 revealed that the C1−C1 , C1−C1 , C2−C3 , and C1=C2 bond lengths of 4 coincided with those of 5 [7] . Similarly, as in the case of 5, the aromatic rings of the two 4 -and 4 -[2-(dimethylamino)ethoxy]phenyl and 3 -guaiazulenyl groups of 4 twisted by 47.9
• , 135.0 • , and 47.4
• from the plane of the >C=CH− part, owing to the influence of large steric hindrance and repulsion between the aromatic rings. The average C−C bond lengths for the seven-and five-membered rings of the 3 -guaiazulenyl group of 4 (1.412 and 1.422Å) coincided with those of 5 (1.405 and 1.427Å) and the average C−C bond lengths for the benzene rings of the two 4 -and 4 -[2-(dimethylamino)ethoxy]phenyl groups of 4 (1.386 and 1.385Å) also coincided with those of the two 4 -and 4 -methoxyphenyl groups of 5 (1.382 and 1.380Å).
Comparing the bond lengths observed for 4 to those of 2 [4] , it was found that the C1=C2 bond length of 4 coincided with that of 2 (1.34Å) and the C1−C1 and C1−C1 bond lengths of 4 also coincided with those of 2 (1.50Å each). The average C−C bond lengths observed for the 1 -and 1 -phenyl groups of 4 coincided with those of 2 (1.39Å each), and the bond lengths observed for the two (dimethylamino)ethoxy groups of 4 also coincided with those of 2 (C4 -O:1.38, O-CH 2 :1.44, CH 2 -CH 2 :1.51, CH 2 -N:1.50, N-CH 3 :1.34, and N-CH 3 :1.26Å). The (dimethylamino)ethoxy side chain of 2 is essential to the antiestrogenic action [1] . From the accurate structural parameters of 4, a study on the antiestrogenic activity of 4, compared with that of 2, is noteworthy.
The crystal structure of the estrogenic drug 1 was not documented. For comparative purposes, the crystal 
Experimental
Preparation of 4. Compound 4 was prepared according to the following procedure. To a solid of anhydrous K 2 CO 3 (17 mg, 123 mmol) was added a solution of 3 (50 mg, 123 mmol) in acetone (10 mL). The mixture was stirred at 25
• C for 12 hours, and then 2-chloroethyldimethylammonium chloride (36 mg, 250 mmol) was added to the mixture. The mixture was stirred at reflux temperature for 24 hours. After the reaction, distilled water was added to the mixture, and then the resulting product was extracted with diethyl ether (10 mL × 3). The extract was washed with distilled water, dried (MgSO 4 ), and evaporated in vacuo. The residue thus obtained was carefully separated by silica-gel column chromatography with methanol-dichloromethane (3:7, vol/vol) as an eluant. The crude product was recrystallized from petroleum ether to provide pure 4 (60 mg, 109 mmol, 89% yield) as stable crystals. 
Conclusions
We have reported the following three interesting points in this paper, namely, (i) the reaction of 2-(3-guaiazulenyl)-1,1-bis(4-hydroxyphenyl)ethylene (3) with 2-chloroethyldimethylammonium chloride in acetone in the presence of K 2 CO 3 at reflux temperature for 24 hours gave a new title compound 4 in 89% yield; (ii) the elemental analysis and the spectroscopic data for 4 led to the target molecular structure; (iii) the crystal structure of 4 compared with those of structurally related compounds 2-(3-guaiazulenyl)-1,1-bis(4-methoxyphenyl)ethylene (5), tamoxifen (2) , and chlorotrianisene (1) was documented. From the accurate structural parameters of 4, a comparative study on the antiestrogenic activity of 4 with that of 2 is noteworthy.
